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Attorney Docket No. 36856.336 
DELAY LINE 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a delay line, and more 
particularly, to a delay line for use in delaying a signal 
such as a digital signal. 

2 . Description of the Related Art 

Conventionally, as a delay line for use in delaying a 
signal such as a digital signal having a clock frequency of 
100 MHz or higher, a lumped constant type LC low pass filter 
that is constructed by combining an inductor with a 
capacitor, has been used. Then, by increasing the 
inductance value and the capacitance value of such an LC low 
pass filter, it is possible to obtain a longer delay time. 

However, with the above-described conventional delay 
line, by merely increasing the number of windings when 
forming an inductor in order to increase its inductance 
value, or merely increasing the areas of capacitive 
electrodes of a capacitor in order to increase its 
capacitance value, there will occur a problem that the 
frequency characteristic (a pulse rise characteristic) of 
the delay line will be worsened, or a problem that the 
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flatness of a group delay time {waveform deflection 
characteristic) will be deteriorated, 

SUMMARY OF THE INVENTION 

In order to overcome the problems described above, 
preferred embodiments of the present invention provide a 
compact, very small delay line having an excellent flatness 
in its group delay time characteristic, and also having an 
excellent frequency characteristic. 

According to one preferred embodiment of the present 
invention, a delay line includes a coil divided into at 
least three inductors, and at least three stages of low pass 
filters including the at least three inductors and a 
plurality of capacitors, wherein the low pass filters are 
contained within a laminated body defined by laminating a 
plurality of insulating layers. 

With the above constitution, since each of the 
inductors and capacitors has only a small inductance value 
and a small capacitance value, respectively, there is little 
possibility that a pulse rise characteristic and a flatness 
of a group delay time of the delay line will be deteriorated. 
On the other hand, since the delay line as a whole has a 
large inductance value and a large capacitance value, the 
delay line achieves a long delay time. 

Further, since coil conductor patterns constituting the 
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inductors in each stage of the low pass filters are arranged 
on the same plane of insulating layers of the laminated body, 
it is possible to more efficiently arrange the coil 
conductor patterns within the laminated body. 

In the delay line according to preferred embodiments of 
the present invention, each inductor has a coil axis that is 
substantially parallel to a laminating direction of the 
insulating layers, and winding directions of adjacent 
inductors are opposite to each other. 

Moreover, since the insulating layers are preferably 
made of a dielectric ceramic material having a relative 
dielectric constant of about 15 or less, a magnetic coupling 
and an electrostatic coupling between mutually adjacent 
inductors are greatly reduced. As a result, an undesired 
surge or increase in a group delay time characteristic is 
prevented, thus ensuring a flat group delay time 
characteristic . 

In addition, a capacitor connected to an end of at 
least one of the inductors constituting the low pass filters, 
and another capacitor connected to another end of the at 
least one of the inductors, are arranged in different 
positions in the laminating direction of the insulating 
layers. In this way, the low pass filter including the 
inductor and the two capacitors has only a small 
electrostatic capacitance coupling between the two 
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capacitors, thereby obtaining an even flatter characteristic 
of a group delay time. 

Further, in the delay line according to preferred 
embodiments of the present invention, a ratio of a vertical 
dimension to a lateral dimension of the coil conductor 
pattern is preferably approximately 1, When the coil 
conductor pattern has a substantially rectangular shape, the 
coil conductor pattern is defined as substantially a square 
shape, thereby making it possible to obtain a high Q. 

Moreover, in the delay line according to preferred 
embodiments of the present invention, one end of an inductor 
of a k stage in the low pass filter and one end of an 
inductor of a k+l stage adjacent thereto in the low pass 
filter are electrically connected to each other on an upper 
layer of the laminated body, and the other end of the 
inductor of the k+1 stage in the low pass filter and one end 
of an inductor of the k+2 stage adjacent thereto in the low 
pass filter are electrically connected to each other on a 
lower layer of the laminated body. 

Adjacent inductors of adjacent low pass filters are 
alternately connected on the lower layer and the upper layer 
of the laminated body, thereby causing the magnetic fluxes 
of mutually adjacent inductors to be arranged in opposite 
directions. Due to this unique arrangement, magnetic 
coupling of the mutually adjacent inductors is greatly 
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reduced; and cross-talk is minimized. 

Other features, elements, characteristics and 
advantages of the present invention will become more 
apparent from the detailed description of preferred 
embodiments with reference to the attached drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is an exploded perspective view schematically 
illustrating a first preferred embodiment of a delay line 
according to the present invention. 

Fig, 2 is a perspective view schematically indicating 
an outer appearance of the delay line shown in Fig. 1. 

Fig. 3 is an electric equivalent circuit diagram of the 
delay line shown in Fig. 2. 

Fig. 4 is a graph indicating a transient response 
characteristic of the delay line. 

Fig. 5 is a graph indicating a relationship between the 
group delay time and a frequency, depending on a dielectric 
constant of an insulating layer. 

Fig. 6 is a plain view indicating the directions of 
magnetic fluxes passing through various inductors shown in 
Fig. 1. 

Fig. 7 is a graph indicating a relationship between the 
group delay time and a frequency, depending on the 
directions of magnetic fluxes of the inductors. 
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Fig. 8 is an exploded perspective view schematically 
illustrating a second preferred embodiment of a delay line 
according to the present invention. 

Fig. 9 is a perspective view schematically indicating 
an outer appearance of the delay line shown in Fig. 8. 

Fig. 10 is an electric equivalent circuit diagram of 
the delay line shown in Fig, 9. 

Fig, 11 is a plain view indicating the directions of 
magnetic fluxes passing through various inductors shown in 
Fig. 8. 

Fig. 12 is an exploded perspective view schematically 
illustrating another preferred embodiment of a delay line 
according to the present invention. 

Fig. 13 is a perspective view schematically indicating 
an outer appearance of the delay line shown in Fig. 12. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 
Preferred embodiments of a delay line according to the 
present invention will be described below with reference to 
the accompanying drawings , 

Fig. 1 is an exploded perspective view indicating a 
first preferred embodiment of a delay line according to the 
present invention. The delay line 1 is a monolithic type 
circuit array (as shown in Fig. 3), in which a coil has been 
divided preferably into four inductors LI to L4; and four- 
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stage LC % type low pass filters Fl, F2 , F3 and F4, 
including lumped constant inductors LI to L4 and capacitors 
CI to C5. 

Inductor LI includes coil conductor patterns Lla to Lid 
provided on insulating sheets 24 to 27, and has a plurality 
of via holes 4 for continuously and successively connecting 
together the coil conductor patterns Lla to Lid. One end of 
the coil conductor pattern Lla corresponding to one end of 
the inductor LI is connected through a via hole 4 to a 
connecting pattern 5 provided on an insulating sheet 23. 
Further, one end of the coil conductor pattern Lid 
corresponding to the other end of the inductor Ll is 
connected through a via hole 4 to a connecting pattern 8 
provided on an insulating sheet 28. 

Inductor L2 includes coil conductor patterns L2a, L2b, 
L2c and L2d provided respectively on the insulating sheets 
27/ 26/ 25 and 24, and has a plurality of via holes 4 for 
continuously and successively connecting together the coil 
conductor patterns L2a to L2d. One end of the coil 
conductor pattern L2a corresponding to one end of the 
inductor L2 is connected through a via hole 4 to the 
connecting pattern 8 provided on the insulating sheet 28, 
Further, one end of the coil conductor pattern L2d 
corresponding to the other end of the inductor L2 is 
connected through a via hole 4 to a connecting pattern 6 
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provided on the insulating sheet 23. 

Inductor L3 includes coil conductor patterns L3a to L3d 
provided respectively on the insulating sheets 24 to 27, and 
has a plurality of via holes 4 for continuously and 
successively connecting together the coil conductor patterns 
L3a to L3d. One end of the coil conductor pattern L3a 
corresponding to one end of the inductor L3 is connected 
through a via hole 4 to the connecting pattern 6 provided on 
the insulating sheet 23. Further, one end of the coil 
conductor pattern L3d corresponding to the other end of the 
inductor L3 is connected through a via hole 4 to a 
connecting pattern 9 provided on the insulating sheet 28, 

Inductor L4 includes coil conductor patterns L4a, L4b, 
L4c and L4d provided respectively on the insulating sheets 
27, 26, 25, 24, and has a plurality of via holes 4 for 
continuously and successively connecting together the coil 
conductor patterns L4a to L4d. One end of the coil 
conductor pattern L4a corresponding to one end of the 
inductor L4 is connected through a via hole 4 to the 
connecting pattern 9 provided on the insulating sheet 28. 
Further, one end of the coil conductor pattern L4d 
corresponding to the other end of the inductor L4 is 
connected through a via hole 4 to a connecting pattern 7 
provided on the insulating sheet 23. 

Then, the coil conductor patterns Lla to L4d are all 
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set such that ratios of a vertical dimension to a lateral 
dimension are all close to 1, thereby defining substantially 
square shapes. With this unique construction and 
arrangement, the inductors LI to L4 have very high Q values. 
Nevertheless, it is of course possible that coil conductor 
patterns Lla through L4d have substantially circular shapes. 

The above described inductors LI to L4 are arranged 
such that their coil conductor patterns Lla, L2d, L3a and 
L4d have substantially the same shapes as each other, and 
are arranged in a matrix array of 2 rows x 2 columns on the 
surface of the insulating sheet 24. Further, other coil 
conductor patterns preferably have substantially the same 
shapes and substantially the same positional relationships 
as those of the coil conductor patterns Lla, L2d, L3a and 
L4d. In this way, the coil conductor patterns Lla to L4d 
are efficiently arranged within the delay line 1, thereby 
making it possible to manufacture a delay line 1 which is 
very compact in size. 

On the other hand, the capacitor CI includes an 
insulating sheet 22, a capacitor electrode 10 disposed on 
the insulating sheet 22, and a capacitor electrode 12 
disposed on an insulating sheet 21. The capacitor C2 
includes an insulating sheet 30, a capacitor electrode 13 
disposed on a sheet 29, and a capacitor electrode 16 
disposed on the insulating sheet 30, The capacitor C3 



comprises the insulating sheet 30, a capacitor electrode 14 
disposed on the sheet 29, and the capacitor electrode 16 
disposed on the sheet 30. The capacitor C4 includes the 
sheet 30, a capacitor electrode 15 disposed on the sheet 29, 
and the capacitor electrode 16 disposed on the sheet 30. 
The capacitor C5 includes the sheet 22, a capacitor 
electrode 11 disposed on the sheet 22, and the capacitor 
electrode 12 disposed on the sheet 21. 

Each of the insulating sheets 21 to 31, are stacked on 
each other, and are sintered together so as to define an 
integral and monolithic body, thereby providing a laminated 
body 3 5 as shown in Fig, 2. An input electrode 41, an 
output electrode 42 and a ground electrode 43 are 
respectively arranged on the left end surface, right end 
surface and approximate central portion of the laminated 
body 35. Relay electrodes 44, 45 and 46 are provided 
respectively on the left and right of the front surface of 
the laminated body 35/ and on the right of the back surface 
of the same laminated body 35. 

The input electrode 41 is connected via the connecting 
pattern 5 to one end (the coil conductor pattern Lla) of the 
inductor LI, and is also connected to the capacitor 
electrode 10. The output electrode 42 is connected via the 
connecting pattern 7 to the other end (the coil conductor 
pattern L4d) of the inductor L4, and is also connected to 
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the capacitor electrode 11. The ground electrode 43 is 
connected to the capacitor electrode 12 and to the capacitor 
electrode 16 . The relay electrode 44 is connected via the 
connecting pattern 8 to the other end (the coil conductor 
pattern Lid) of the inductor LI and to one end (the coil 
conductor pattern L2a) of the inductor L2, further connected 
to the capacitor electrode 13. The relay electrode 45 is 
connected via the connecting pattern 6 to the other end (the 
coil conductor pattern L2d) of the inductor L2 and to one 
end (the coil conductor pattern L3a) of the inductor L3, 
further connected to the capacitor electrode 14, The relay 
electrode 46 is connected via the connecting pattern 9 to 
the other end (the coil conductor pattern L3d) of the 
inductor L3 and to one end (the coil conductor pattern L4a) 
of the inductor L4, further connected to the capacitor 
electrode 15. Fig. 3 is an electric equivalent circuit 
diagram of the delay line 1 constructed in the above 
described manner. 

Since the delay line 1 is arranged such that one coil 
has been divided preferably into four inductors LI to L4, it 
possible that the inductors LI to L4 and the capacitors Cl 
to C5 have only small inductance values and small 
capacitance values, thereby making it possible to improve 
the pulse rise characteristic and waveform deflection 
characteristic of the delay line. On the other hand, since 
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the value of the inductance and the value of the capacitance 
of an entire delay line 1 are all large, it is possible to 
obtain a relatively long delay time. Fig. 4 is a graph 
(refer to a solid line 48a) indicating a transient response 
characteristic at a time when a trapezoidal pulse wave 
represented by a solid line 47 has been input into the delay 
line 1 (having a delay time of about 2nS) which includes 
four LC n type low pass filters Fl to F4 . Here, for 
comparison, the graph includes both a transient response 
characteristic (refer to a two-dot chain line 49) of a delay 
line having only one stage LC % type low pass filter and a 
transient response characteristic (refer to a broken line 
50) of a delay line having two-stage LC n type low pass 
filter. In fact, when using a delay line having only one 
stage low pass filter or two-stage low pass filter, since a 
pulse rise characteristic is not good and a distortion in an 
output waveform is large, such delay lines are difficult to 
be put into practical use. In contrast to this, the delay 
line 1 having four low pass filters and having the multiple 
stage arrangement in preferred embodiments of the present 
invention, achieves an excellent pulse rise characteristic 
and only a small distortion in its output waveform. 

Further, a magnetic material or a non-magnetic material 
may be used as a material for the insulating sheets 21 to 31 
When a magnetic material is used, the inductance values of 
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the inductors LI to L4 will become large, thereby making it 
possible to obtain a long delay time. However^ since a 
magnetic permeability is high, if the inductors LI to L4 are 
arranged very close to each other within the laminated body 
35, cross-talk caused by magnetic coupling among the 
inductors LI to L4 located adjacent to each other will 
become large, hence deteriorating a flatness (waveform 
deflection characteristic) of a group delay time of the 
delay line 1, 

In the first preferred embodiment, as a material for 
forming the insulating sheets 21 to 31, a non-magnetic 
material is preferably used (for example, a Ba~Al-Si ceramic 
dielectric material having a dielectric constant of 6 and 
having magnetic permeability that is almost the same as a 
magnetic permeability under a vacuum condition) , In this 
manner, even if the inductors LI to L4 are arranged very 
close to each other within the laminated body 35, cross-talk 
between the inductors LI to L4 located adjacent to each 
other is prevented. As a result, the flatness of a group 
delay time of the delay line 1 is not deteriorated. 

Here, Fig. 5 shows a simulation result of a 
relationship between the group delay time and the frequency 
characteristic of a model obtained when the dielectric 
constant of a non-magnetic material has been changed to 
various extents. In practice, the coil conductor patterns 
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Lla to L4d of the inductors LI to L4 have both their 
vertical and lateral dimensions set at about 1 mm, and their 
pattern width at about 150 )im, while an interval distance 
between coil conductor pattern layers is about 25 [xm. 

In Fig. 5, a solid line 51 represents that a dielectric 
constant is 5, one-dot chain line 52 represents that a 
dielectric constant is 15, a broken line 53 represents that 
a dielectric constant is 30. As is clear from Fig. 5, if a 
dielectric constant is 15 or less, only a small surge or 
increase occurs in the relationship between the group delay 
time and the frequency characteristic, thereby making it 
possible to obtain a delay line having a more flat 
relationship between the group delay time and the frequency 
characteristic. The reason for this may be explained as 
follows. When a dielectric constant is low, electrostatic 
capacitance coupling between various layers of the coil 
conductor patterns Lla to L4d of the inductors LI to L4 
becomes small. Accordingly, cross-talk characteristics 
between the layers of coil conductor patterns Lla to L4d are 
minimized. 

Further, in the delay line 1, as shown in Fig. 1, a 
second end (the coil conductor pattern Lid) of the inductor 
LI in the first stage low pass filter Fl, and a first end 
(the coil conductor pattern L2a) of the inductor L2 in the 
second stage low pass filter F2 are electrically connected 
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with each other via the connecting pattern 8 on the upper 
layer (the sheet 28) of the laminated body 35. A second end 
(the coil conductor pattern L2d) of the inductor L2 , and a 
first end (coil conductor pattern L3a) of the inductor L3 in 
the third stage low pass filter F3 are connected via the 
connecting pattern 6 on the lower layer (the sheet 23) of 
the laminated body 35. Further, a second end (the coil 
conductor pattern 13d) of the inductor L3, and a first end 
(coil conductor pattern L4a) of the inductor L4 in the 
fourth stage low pass filter F4 are connected via the 
connecting pattern 9 on the upper layer {the sheet 28) of 
the laminated body 35. 

With the above arrangement, the inductors LI to L4 of 
the low pass filters Fl to F4 adjacent to each other are 
connected at connection positions which are alternately 
located on the upper layer and the lower layer within the 
laminated body 35. Accordingly, as shown in Fig. 6, the 
magnetic flux (|)1 to (j)4 of the inductors LI to L4 adjacent to 
each other are arranged in mutually opposite directions. 
Thus, the mutually adjacent inductors LI to L4 have only a 
small magnetic coupling, thus making it possible to further 
reduce the cross-talk. As a result, it becomes possible to 
obtain an even flatter relationship between the group delay 
time and the frequency characteristic. 

In addition, as shown in Fig. 7, when the magnetic 
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fluxes (j)l to (t)4 of the inductors LI to L4 adjacent to each 
other are arranged in mutually opposite directions, a 
relationship (solid line 55) between the group delay time 
and the frequency characteristic of the delay line 1 has 
been greatly improved in its flatness, as compared with a 
relationship (broken line 56) between the group delay time 
and the frequency characteristic when the magnetic fluxes ^1 
to (()4 of the inductors LI to L4 adjacent to each other are 
in the same directions. 

Further, in the delay line 1, the capacitor CI 
connected on the input side of the inductor Ll of the first 
stage low pass filter Fl, and a capacitor C2 connected on 
the output side of the inductor Ll are separately arranged 
on the lower layer and the upper layer of the laminated body 
35. Similarly, the capacitor C4 connected on the input side 
of the inductor L4 of the fourth stage low pass filter F4, 
and a capacitor C5 connected on the output side of the 
inductor L4 are separately arranged at the upper layer and 
the lower layer of the laminated body 35. As a result of 
this unique configuration, the first stage low pass filter 
Fl and the fourth stage low pass filter F4 reduce an 
undesired electrostatic capacitance coupling between the 
capacitors CI, C4 on the input side and the capacitors C2, 
C5 on the output side. As a result, a delay line 1 having 
an even more excellent group delay time characteristic is 
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reliably achieved. 

Fig. 8 is an exploded perspective view illustrating a 
second preferred embodiment of a delay line according to the 
present invention. In this delay line 61 , one coil has been 
divided preferably into three inductors LI to LS, defining a 
monolithic type circuit array (as shown in Fig. 10) that is 
a 3-stage circuit including three LC n type low pass filters 
Fl, F2 and F3 , including lumped constant inductors LI to L3 
and capacitors CI to C4 . 

Inductor LI includes coil conductor patterns Lla to Lie 
provided on insulating sheets 75 to 79, respectively, and a 
plurality of via holes 4 for continuously and successively 
connecting together the coil conductor patterns Lla to Lie. 
One end of the coil conductor pattern Lla corresponding to 
one end of the inductor LI is connected through the via hole 
4 to a connecting pattern 5 provided on an insulating sheet 
74. Further, one end of the coil conductor pattern Lie 
corresponding to the other end of the inductor Ll is 
connected through the via hole 4 to a connecting pattern 8 
provided on an insulating sheet 80, 

Inductor L2 includes coil conductor patterns L2a, L2b, 
L2c, L2d and L2e provided respectively on the insulating 
sheets 79, 78, 77, 76 and 75, and a plurality of via holes 4 
for continuously and successively connecting together the 
coil conductor patterns L2a to L2e. One end of the coil 
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conductor pattern L2a corresponding to one end of the 
inductor L2 is connected through a via hole 4 to the 
connecting pattern 8 provided on the insulating sheet 80. 
Further, one end of the coil conductor pattern L2e 
corresponding to the other end of the inductor L2 is 
connected through a via hole 4 to a connecting pattern 6 
provided on the insulating sheet 74. 

Inductor L3 includes coil conductor patterns L3a to L3e 
provided respectively on the insulating sheets 74 to 79, and 
a plurality of via holes 4 for continuously and successively 
connecting together the coil conductor patterns L3a to L3e. 
One end of the coil conductor pattern L3a corresponding to 
one end of the inductor L3 is connected through a via hole 4 
to the connecting pattern 6 provided on the insulating sheet 
74. Further, one end of the coil conductor pattern L3e 
corresponding to the other end of the inductor L3 is 
connected through a via hole 4 to a connecting pattern 7 
provided on the insulating sheet 80. 

The above described inductors LI to L3 are arranged 
such that their coil conductor patterns Lla, L2e and L3a 
have substantially the same shapes, and are arranged in a 
matrix array of 1 row x 3 columns on the surface of the 
insulating sheet 75. Further, other coil conductor patterns 
preferably have substantially the same shapes and 
substantially the same positional relationships as those of 
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the coil conductor patterns Lla, L2e and L3a. In this way, 
the coil conductor patterns Lla to L3e are efficiently 
arranged within the delay line 1, thereby making it possible 
to manufacture a delay line 1 which is compact in size. 

On the other hand, the capacitor CI includes insulating 
sheets 71 and 72, and capacitor electrodes 62, 63 and 65, 
The capacitor C2 includes insulating sheets 81 and 82, and 
capacitor electrodes 66, 67 and 69. The capacitor C3 
includes insulating sheets 71 and 72, and capacitor 
electrodes 62, 64 and 65. The capacitor C4 includes the 
sheets 81 and 82, and capacitor electrodes 66, 68 and 63. 

The insulating sheets 70 to 83, after having been 
laminated one upon another, are sintered together so as to 
define an integral body, thus, a laminated body 35 is 
obtained as shown in Fig. 9. An input electrode 41, an 
output electrode 42 and a ground electrode 43 are 
respectively disposed on the left end surface, right end 
surface and approximate central portion of the laminated 
body 35. Relay electrodes 44, 46 are provided respectively 
on the left of the front surface of the laminated body 35, 
and on the right of the back surface of the same laminated 
body. 

The input electrode 41 is connected via the connecting 
pattern 5 to one end (the coil conductor pattern Lla) of the 
inductor LI, and is also connected to the capacitor 
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electrode 63. The output electrode 42 is connected via the 
connecting pattern 7 to the other end (the coil conductor 
pattern L3e) of the inductor L3 , and is also connected to 
the capacitor electrode 68. The ground electrode 43 is 
connected to the capacitor electrodes 62, 65, 66 and 69. 
The relay electrode 44 is connected via the connecting 
pattern 8 to the other end (the coil conductor pattern Lie) 
of the inductor LI and to one end (the coil conductor 
pattern L2a) of the inductor L2, further connected to the 
capacitor electrode 67. The relay electrode 46 is connected 
via the connecting pattern 6 to the other end (the coil 
conductor pattern L2e) of the inductor L2 and to one end 
(the coil conductor pattern L3a) of the inductor L3, further 
connected to the capacitor electrode 64. Fig. 10 is an 
electric equivalent circuit diagram of the delay line 61 
obtained in the above described manner. 

Since the delay line 61 is arranged such that one coil 
has been divided preferably into three inductors LI to L3 , 
the inductors LI to L3 and the capacitors CI to C4 have only 
small inductance values and small capacitance values, 
therefore the pulse rise characteristic and waveform 
deflection characteristic of the delay line are greatly 
improved. On the other hand, since the value of the 
inductance and the value of the capacitance of an entire 
delay line 61 are all large, it is possible to obtain a 
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relatively long delay time. In Fig. 4, which is referred to 
in the description of the first preferred embodiment above, 
a graph of the second preferred embodiment is also shown. 
One-dot chain line 48b of Fig. 4 shows a transient response 
characteristic when a trapezoidal pulse wave represented by 
a solid line 47 has been input into the delay line 61 
(having a delay time of about 2nS) which includes three LC n 
type low pass filters Fl to F3 , It is understood from Fig. 
4 that the delay line 61 produces an improved pulse rise 
characteristic and an improved output waveform 
characteristic, both of which will not cause any problem in 
practical use. 

Further, in the delay line 61, as shown in Fig. 8, a 
second end (the coil conductor pattern Lie) of the inductor 
LI in the first stage low pass filter Fl, and a first end 
(the coil conductor pattern L2a) of the inductor L2 in the 
second stage low pass filter F2 are electrically connected 
with each other via a connecting pattern 8 on the lower 
layer of the laminated body 35. A second end (the coil 
conductor pattern L2e) of the inductor L2, and a first end 
(coil conductor pattern L3a) of the inductor L3 in the third 
stage low pass filter F3 are connected via the connecting 
pattern 6 on the upper layer of the laminated body 35. 

In this way, the inductors LI to L3 of the low pass 
filters Fl to F3 adjacent to each other are connected 
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together in which their connecting positions are located 
alternately on the upper layer and the lower layer of the 
laminated body 35, the magnetic fluxes (j)l to (j)3 of the 
inductors LI to L3 adjacent to each other are arranged in 
mutually opposite directions, as shown in Fig. 11. As a 
result of this unique configuration and arrangement, the 
mutually adjacent inductors LI to L3 have only a small 
magnetic coupling, thus cross -talk is further reduced. As a 
result, it becomes possible to obtain an even flatter 
relationship between the group delay time and the frequency 
characteristic , 

Further, in the delay line 61, the capacitor CI 
connected on the input side of the inductor LI of the first 
stage low pass filter Fl, and a capacitor C2 connected on 
the output side of the inductor LI are separately arranged 
on the upper layer and the lower layer of the laminated body 
35. Similarly, the capacitor C2 connected on the input side 
of the inductor L2 of the second stage low pass filter F2 , 
and a capacitor C3 connected on the output side of the 
inductor L2 are separately arranged on the lower layer and 
the upper layer of the laminated body 35. In the same 
manner, the capacitor C3 connected on the input side of the 
inductor L3 of the third stage low pass filter F3 , and a 
capacitor C4 connected on the output side of the inductor L3 
are separately arranged on the upper layer and the lower 
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layer of the laminated body 35. Accordingly, the first 
through third stages of low pass filters Fl to F3 greatly 
reduce an undesired electrostatic capacitance coupling 
between the capacitors on the input side and capacitors on 
the output side. As a result, a delay line 61 having even 
more excellent characteristic of group delay time is 
reliable achieved. 

In the above described preferred embodiments , there 
have been explained three stages of low pass filters (in the 
second preferred embodiment) and four stages of low pass 
filters (in the first preferred embodiment) , the present 
invention should not be limited to these specific preferred 
embodiments. It is in fact also possible to use an 
arrangement including more than four stages of low pass 
filters . 

For example, as shown in Fig. 12, one coil may be 
divided into six inductors LI to L6, forming a delay line 91 
which includes six stages of LC n type low pass filters, 
including inductors LI to L6 and capacitors CI to CI, The 
delay line 91 includes an insulating sheet 92 in which coil 
conductor patterns Lla to L6d constituting inductors LI to 
L6 are provided on the surface of the sheet, an insulating 
sheet 92 in which capacitor electrodes 102 to 110 are 
provided on the surface of the sheet, and an insulating 
sheet 92 in which connecting patterns 95 to 101 are provided 
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on the surface of the sheet. These insulating sheets 92, 
upon being laminated together one upon another, are sintered 
into an integral body. Thus, a laminated body 120 is 
obtained as shown in Fig. 13. After that, on the surface of 
the laminated body 12 0 an input electrode 141, an output 
electrode 142, a ground electrode 143 and relay electrodes 
144 to 148 are formed. 

Further, in a process of manufacturing a laminated type 
delay line, insulating sheets are formed to have coil 
conductor patterns on their surfaces and are laminated one 
upon another, followed by a sintering treatment so that 
these insulating sheets are formed into an integral body. 

However, a manufacturing method should not be limited 
by this particular method. It is in fact also possible that 
the insulating sheets are obtained by a sintering treatment 
conducted in advance. In addition, it is further possible 
to manufacture a laminated type delay line with the use of a 
method that will be explained in the following. Each 
insulating layer may be made of a paste- like insulating 
material via printing treatment. Then, the surface of each 
insulating layer is coated with a paste of electrically 
conductive material so as to form some coil conductor 
patterns thereon. After that, the coil conductor patterns 
are coated with a paste-like insulating material, so as to 
define an insulating layer with the coil conductor patterns 
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contained therein. Similarly, a coating treatment is 
repeated successively, so as to define electric connections 
on necessary positions of the coil conductor patterns, 
thereby obtaining a delay line having a laminated structure. 

As may be understood from the above description, 
according to the present invention, one coil may be divided 
into at least three inductors, at least three stages of low 
pass filters includes the inductors and capacitors, thereby 
making it possible to greatly reduce the inductance values 
and the capacitance values of the inductors and the 
capacitors. Therefore, it is possible with preferred 
embodiments of the present invention to obtain a very 
compact, small- size delay line having an excellent flatness 
for a group delay time characteristic and an excellent pulse 
rise characteristic. Further , since the delay line as a 
whole has a large inductance value and a large capacitance, 
it is allowed to obtain a long delay time. 

Further, a dielectric ceramic material having a 
dielectric constant of 15 or lower is used as a material for 
the insulating layers, so that a magnetic coupling and an 
electrostatic coupling between mutually adjacent inductors 
are reduced, thereby inhibiting an undesired surge or 
increase on a group delay time characteristic, thus ensuring 
a flat characteristic for the group delay time. The 
mutually adjacent inductors of mutually adjacent low pass 
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filters are alternately connected on the lower layer and the 
upper layer of the laminated body, and the magnetic fluxes 
of mutually adjacent inductors are directed in opposite 
directions. The magnetic coupling of the mutually adjacent 
inductors are greatly reduced, and the cross -talk is reduced. 
Therefore, it is possible to make even flatter the 
characteristic for the group delay time. 

Moreover, in the delay line, a capacitor connected to 
an end of at least one of the inductors constituting the low 
pass filters, and another capacitor connected to another end 
of the at least one of the inductors, are arranged in 
different positions in the laminating direction of the 
insulating layers. In this way, the low pass filter 
including the inductor and the two capacitors has only a 
small electrostatic capacitance coupling between the two 
capacitors, thereby obtaining a further flat characteristic 
of a group delay time. 

While preferred embodiments of the invention have been 
disclosed, various modes of carrying out the principles 
disclosed herein are contemplated as being within the scope 
of the following claims. Therefore, it is understood that 
the scope of the invention is not to be limited except as 
otherwise set forth in the claims. 
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WHAT IS CLAIMED IS: 

1. A delay line comprising: 

a coil divided into at least three inductors; and 
a laminated body including a plurality of insulating 
layers and at least three stages of low pass filters 
including said at least three inductors and a plurality of 
capacitors . 

2. The delay line according to claim 1, wherein the at 
least three inductors are defined by a plurality of coil 
conductor patterns arranged on the same plane of the 
insulating layers of the laminated body. 

3. The delay line according to claim 1, wherein each 
of the at least three inductors has a coil axis that is 
substantially parallel with a laminating direction of the 
insulating layers of the laminated body, and winding 
directions of adjacent ones of the at least three inductors 
are opposite to each other, 

4. The delay line according to claim 1, wherein the 
insulating layers are made of a dielectric ceramic material 
having a relative dielectric constant of about 15 or less. 
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5. The delay line according to claim 1, wherein one of 
the plurality of capacitors is connected to an end of at 
least one of the at least three inductors, and another of 
the plurality of capacitors is connected to another end of 
said at least one of the at least three inductors, are 
located at different positions in a laminating direction of 
the insulating layers. 

6. The delay line according to claim 2, wherein a 
ratio of a vertical dimension to a lateral dimension of each 
of the coil conductor patterns is approximately 1. 

7. The delay line according to claim 1, wherein one 
end of a first of the at least three inductors of a k stage 
in the low pass filter and one end of a second of the at 
least three inductors of a k+l stage adjacent thereto in the 
low pass filter are electrically connected to each other on 
an upper layer of the laminated body, and the second end of 
the another of the at least three inductors of the k+1 stage 
in the low pass filter and one end of a third of the at 
least three inductors of a k+2 stage adjacent thereto in the 
low pass filter are electrically connected to each other on 
a lower layer of the laminated body. 

8. The delay line according to claim 1, wherein the 
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coil is divided into at least four inductors. 

9. The delay line according to claim 1, wherein the 
low pass filters are LC n type low pass filters. 

10* The delay line according to claini 2, wherein the 
insulating sheets have a plurality of via holes for 
connecting the coil conductor patterns that define the at 
least three inductors . 

11. The delay line according to claim 2, wherein the 
coil conductor patterns that define the at least three 
inductors have the same shape . 

12. The delay line according to claim 1, wherein the 
number of the plurality of capacitors is greater than the 
number of the inductors . 

13. The delay line according to claim 1, wherein the 
insulating layers include magnetic material. 

14. A monolithic circuit array including a delay line 
comprising: 

a coil divided into at least three inductors; and 
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a plurality of insulating layers stacked on each other 
to define a monolithic laminated body, the laminated body 
including at least three stages of low pass filters defined 
by lumped constant inductors and capacitors. 

15. The monolithic circuit array according to claim 14, 
wherein at least three inductors and at least four 
capacitors are included in the at least three stages of low 
pass filters. 

16. The monolithic circuit array according to claim 14, 
wherein at least four stages of low pass filters are 
provided in the monolithic laminated body, and at least four 
inductors and at least five capacitors are included in the 
at least four stages of low pass filters. 

17. The monolithic circuit array according to claim 14, 
wherein the inductors are defined by a plurality of coil 
conductor patterns arranged on the same plane of the 
insulating layers of the laminated body. 

18. The monolithic circuit array according to claim 14, 
wherein the insulating layers are made of a dielectric 
ceramic material having a relative dielectric constant of 
about 15 or less. 
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19. The monolithic circuit array according to claim 14, 
wherein one of the capacitors is connected to an end of at 
least one of the inductors, and another of the capacitors is 
connected to another end of said at least one of the 
inductors, and the one of the capacitors and the another of 
the capacitors are located at different positions in a 
laminating direction of the insulating layers, 

20. The monolithic circuit array according to claim 17, 
wherein a ratio of a vertical dimension to a lateral 
dimension of each of the coil conductor patterns is 
approximately 1 . 

21, The monolithic circuit array according to claim 14, 
wherein the low pass filters are LC % type low pass filters. 

22. The monolithic circuit array according to claim 14, 
wherein the number of the plurality of capacitors is greater 
than the number of the inductors . 
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ABSTRACT OF THE DISCLOSURE 



A compact; small -size delay line that has excellent 
flatness in group delay time characteristic and an excellent 
frequency characteristic, is constructed such that one coil 
is divided into four inductors, and four stages of LC-tt type 
low pass filters including inductors and capacitors are 
contained within a laminated body. The inductors are 
defined by connecting together in series coil conductor 
patterns arranged in a matrix on insulating sheets provided 
in the laminated body. Mutually adjacent inductors are 
arranged so that their coiling directions are opposite to 
each other. The insulating sheets may be made of non- 
magnetic material having a dielectric constant of about 15 
or lower. 
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